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e Covering today work from several groups and LOls

®* We are all already collaborating together: thank you to the MuonCollider collaboration for offering simulation,
code, etc.

® Most results today come from their work
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What Do We Need!?

¢ Thanks to the overview from Lorenzo, we know
what we need to measure the Higgs self-coupling
at a muon collider:

e Signal rate is fairly low, so use highest BR
decays: need good jet reconstruction
and b-tagging

® Production is mostly via VBF where muons
become neutrinos: need good missing
energy reconstruction

e Cross-section goes up with energy, especially
for quartic coupling: need high energy
accelerator
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® Robust designs for accelerator exist for Higgs factory (125 GeV) and
Vs =1.5TeV

® MAP collaboration had advanced conceptual design for up to
\/E = 6 TeV, and we are now studying up to \/E = 14 TeV

® Design calls for bunched beam with 10 s spacing: 100 kHz collision rate
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A))

The ‘Baseline’ Detector ¢

superconducting
chambers ‘ | " ey o A full simulation (including
BIB!) baseline detector,
- tracking system dGVE'OPEd b), the
calorimeter MuonCaollider Collaboration,

is the basis for all our studies

shielding nozzles
(tungsten + borated

soenene dacang @ 1he detector is mostly based

on the CLIC design:
emphasizing tracking and
particle flow calorimetry

Vertex Inner Outer ECal
Detector Tracker Tracker e Tun gsten+polyethylene
3 layers (barrel) 3 layers 40 layers 60 layers ¢ )
4 layers 7 disks 4 disks W + silicon steel + plastic nOZZIe used to (Partl)l)

shield detector from beam
25x25um? 50x50pm? 50x50pm? 5%x5mm? 30x30mm?2
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Simulation Status

e Simulation implemented in ILCSoft framework

e Tutorials available and documentation available

e Detector optimized for \/E = 1.5 TeV: full simulation works without issues

e BIB implementation available, but leads to extremely long reconstruction (mostly in
tracking)

e Optimization underway: improvements converging
e Jet reconstruction (via Pandora PFlow algorithm) working

e BIB mitigation using energy cuts in place: optimization of PFlow underway
e B-tagging under study: in progress, almost ready
e Full simulation largely ready to be used!

e Fast simulation underway: ‘target’ performance card, and ‘degraded’
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https://indico.fnal.gov/event/45187/timetable/
https://confluence.infn.it/display/muoncollider/Muon+Collider+Home

BIB Characteristics

750-GeV p* beams
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® Here, show characteristics of BIB particles and their origin for 750 GeV beams
® Photon and neutron component is the largest
® Timing and directionality can be critical for reduction of background
® Energy cuts can also be utilized: most BIB interactions are very soft

® Partly due to the ‘nozzle’: absorbs primaries, softens high energy particles
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Occupancy studies — pixel pitch
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Tracking critical for jet
reconstruction and b-tagging

Occupancy is a large problem: can be
reduced substantially with timing cuts
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directional discrimination can also
substantially lower occupancy
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Tracking Performance v
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® Here, run jet reconstruction (without tracking) using ~default CLIC reconstruction and up to 25% of BIB

® Two critical observations:

® Jet momentum increases dramatically: 250 GeV — 650 GeV

® Number of jets increases dramatically:2 — 30

® Most are higher energy than the ‘real’ jets in the event! Very different from LHC
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B- Tagging

e The older “MAP” framework
had simple b-tagging

L implemented, with decent b-
0.9

Jet b-tag efficiency tagging based on SV finding

e CLIC’s BDT-based b-tagging
being implemented now:
good progress

b-tagging efficiency

b T30 6080100 ® With good tracking and
b-jet p_ [GeV] low fakes already seen,
should be powerful

M. Swiatlowski (TRIUMF) December 10,2020



A))

Missing (Transverse!) Energy v
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Trigger and DAQ

e Raw DAQ rate, if all hits read out of tracker,is |0x rate of the
HL-LHC

e (Can this be reduced on-detector?

e |00 kHz collision rate is low, and could enable trigger-less
readout

¢ Could be an advantage compared to FCC-hh?

M. Swiatlowski (TRIUMF) December 10,2020



A))

Why a Muon Collider for Higgs Self Coupling? (LV

¢ The muon collider may be an effective way to get to high-energy collisions

e Some Higgs properties, like the self-coupling and quartic coupling,
absolutely require these high energies

® The experimental environment of the muon collider is unique and
challenging

e But the work of MAP and our initial studies, are very promising: seems
like mitigating the BIB is mostly feasible

e A muon collider can provide an environment ‘in between’ FCC-hh and
electron machines: high energy like FCC-hh, but much cleaner!

e Snowmass is a great opportunity to develop this idea: lots of collaborating
groups and interest, and great potential for a new approach to shake up
the future
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